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ABSTRACT. The genomic data of the native Antarctic yeast, Glaciozyma 

antarctica PI12, has garnered attention due to its distinctive thermal adaptation. 

Nonetheless, a significant percentage of the proteins associated with thermal 

stress adaptation were identified as conserved hypothetical proteins (HPs), 

suggesting that these proteins remain experimentally uncharacterized. 

Consequently, this study aims to determine the structural characteristics of 

GaHP2, an uncharacterized conserved hypothetical protein believed to play a 

significant role in the thermal stress response. The gene was subjected to an 

extensive analysis utilizing computational tools to explore its function, 

physicochemical properties, and three-dimensional structure. Functional 

annotation was executed using NCBI BLAST and InterProScan; 

physicochemical properties were evaluated with ExPASy's ProtParam; 

homology modeling was performed using Phyre2 and AlphaFold2, while 

structure validation, refinement, and superimposition were implemented with 

ModRefiner and UCSF Chimera. The results indicated that the homology 

modeling approach effectively generated reliable 3D models of GaHP2. The 

high confidence score (PROCHECK), stereochemical quality (VERIFY3D), 

energy of the protein chain (ANOLEA), and RMSD of 0.540 Å indicate that the 

proposed model closely reflects the actual protein conformation. One interesting 

finding of the study was the correlation between the presence of aromatic 

clusters in GaHP2 and its stability at higher temperatures, a finding not 

previously documented in cold-adapted Antarctic proteins. The GaHP2 protein 

was also found to contain domains that encoded oxygen-binding and/or oxygen-

transporting globins, as indicated by functional analysis, suggesting a role in 

cold adaptation under low oxygen conditions. This research illustrates that 

thermal stress proteins may possess distinctive structural flexibility and stability 

that enable them to function under thermal stress, thereby safeguarding host 

organisms from heat aggregation and cold denaturation. 
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INTRODUCTION 

 

Glaciozyma antarctica is a native Antarctic yeast that has generated research interest due to its 

exceptional capacity to thrive in a diverse range of climatic extremes (Convey & Peck, 2019). 

Researchers have observed that G. antarctica can tolerate temperatures ranging from -12°C to 20°C 

(Boo et al., 2013; Soon et al., 2018). As a means of surviving and adapting to the Antarctic climate, 
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these extremophiles produce a wide range of biologically important proteins, particularly those involved 

in the thermal stress response (Song et al., 2017; Yusof et al., 2021). Genomic analysis of G. antarctica 

revealed several genes encoding proteins crucial to the capacity of the cell to adapt to cold settings 

(Firdaus-Raih et al., 2018). However, a considerable proportion of these proteins remain 

uncharacterized, particularly the conserved hypothetical proteins (HPs) (Soon et al., 2018). 

 

Conserved HPs are proteins found in organisms from several phylogenetic lineages but have not 

been functionally characterized (Ijaq et al., 2019). Determining the structure and function of proteins 

shared by numerous organisms can provide insights into their evolutionary changes, operational 

mechanisms, and molecular functions (Hauri et al., 2019; Morris et al., 2022; Zhao et al., 2021). These 

functionally unknown proteins may be involved in significant aspects of this microorganism's biological 

function. For instance, the evaluation of the immune protective effects of EtCHP18905, a conserved 

hypothetical protein of the obligate intracellular parasite Eimeria tenella, revealed that it could be an 

effective candidate for the development of new vaccines (Zhao et al., 2021). Previous research has 

demonstrated that a set of proteins with unknown functions is vital in the physiological regulation and 

cold adaptation of psychrophilic microorganisms (Teoh et al., 2021). Another study suggests that G. 

antarctica's HPs play a crucial role in the early stages of cold and freeze stress, although validation of 

these findings is still pending (Wong et al., 2019). This offers a chance to uncover new insights into the 

unique characteristics of their adaptation mechanisms, specifically regarding protein flexibility, 

structural stability, and residue interactions that facilitate functionality in cold and thermally fluctuating 

conditions. 

 

The main problem in the structural determination of uncharacterized proteins is the difficulty of 

obtaining soluble proteins for downstream processing (Ahmad et al., 2018; Kielkopf et al., 2021). To 

understand biological processes at the system level, we must evaluate the three-dimensional (3D) protein 

structures that mediate biochemical interactions (Hauri et al., 2019). Structure determination 

experiments are also labor-intensive and complicated processes (Rigden, 2017). Comparative homology 

modeling, in the absence of an experimentally determined structure, can generate a useful 3D model of 

a protein that links to at least one known protein structure. The rapid improvements in omics 

technologies allow researchers to complement the expensive and time-consuming structural 

determination experiments. This has allowed the theoretical assessment of several physicochemical 

parameters to reveal the function and makeup of proteins about which we previously lacked information 

(Jumper et al., 2021). 

 

Thus, by combining structural knowledge of proteins with functional annotation tools, previously 

uncharacterized proteins can be elucidated (Jez, 2017). Therefore, this study uses in silico analysis to 

investigate the structure–function relationship of heat shock proteins (HPs) involved in G. antarctica's 

thermal stress response. The current study aims to evaluate the conserved HPs associated with thermal 

stress responses in G. antarctica to establish a better understanding of their adaptation mechanisms. 

 

 

MATERIALS AND METHODS 

 

Sequence Analysis 

 

The G. antarctica PI12 genome transcriptome data (PRJNA41257) were examined for conserved 

thermal stress response heat shock proteins. Proteins suitable for protein structure determination were 

identified based on a reliable level of expression (1.5-fold, p-value < 10-5) (Firdaus-Raih et al., 2018) 

and a protein size range of 18 to 55 kDa (Jez, 2017; Klebe, 2013). Normalized counts underwent 

differential expression analysis using DESeq2. Genes were deemed significantly differentially 

expressed if they exhibited an adjusted p-value of less than 0.05 and a log2 fold change of greater than 

or equal to ±1. The selected heat shock protein's amino acid FASTA sequence was translated from the 

DNA sequence through the ExPASy Translate Tool (https://web.expasy.org/translate/) and utilized for 

functional annotation, physicochemical analysis, and homology modeling. The sequence quality was 



3 
 

 
46:1 (2025) 1 – 14 | ISSN 1394-85 | eISSN 2231-9085 

| 

 

Masnoddin et al. / Borneo Science Journal 

46:1 (2025) 1–5 

 
confirmed through sequence alignment and validation using the EMBL-EBI Clustal Omega Tool 

(Madeira et al., 2024). 

 

Physicochemical Analysis 

 

Physicochemical characteristics of HPs in raw sequence format were assessed using ExPASy's 

ProtParam tool (http://web.expasy.org/protparam/) (Gasteiger et al., 2005). The computed isoelectric 

point (pI) is valuable for protein characterization since it indicates that the surface of the protein is 

charged, but the overall charge of the protein is zero, rendering it stable and compact (Tokmakov et al., 

2021). 

 

Functional Annotation 

 

An analysis was conducted for functional annotation, utilizing the Basic Local Alignment Search Tool 

(BLAST) to search for similar proteins in the NCBI non-redundant (nr) database. The purpose was to 

identify homologous proteins from related organisms that are likely to have the same function as the 

query protein. The BLAST search utilized an E-value threshold of 1e-5 and a maximum of 100 target 

sequences to ensure relevant and statistically significant matches. The presence of domains and 

important sites in functional protein families was predicted using InterProScan 

(https://www.ebi.ac.uk/interpro/about/interproscan), as described by Mitchell et al. (2019).  

 

Comparative Homology Modelling and Structure Assessment 

 

Structure prediction 

 

Homology modeling was performed using both the Phyre2 server (www.sbg.bio.ic.ac.uk/phyre2) 

(Kelley et al., 2015) and the AlphaFold server (https://alphafoldserver.com/) (Abramson et al., 2024; 

Jumper et al., 2021). The 3D models generated were refined using the ModRefiner web server 

(https://zhanggroup.org/ModRefiner/). Refining the structure is an essential process in bringing a 

starting structure closer to its native state and achieving accuracy that is comparable to experimental 

results (Bhattacharya, 2019). 

 

Structure validation 

 

The best homology models were assessed for their stereochemical quality using the Ramachandran plot 

(Lovell et al., 2003) and VERIFY3D (https://servicesn.mbi.ucla.edu/Verify3D) (Eisenberg et al., 1997). 

The energy of the protein chain was calculated using the atomic empirical mean force potential 

ANOLEA (www.fundp.ac.be/pub/ANOLEA.html), as described by Melo et al. (1997). High-energy 

zones identified by ANOLEA denote regions of the protein exhibiting unfavorable atomic interactions, 

potentially corresponding to structurally strained, flexible, or poorly folded areas. These zones may 

indicate potential sites of instability or conformational variability, and in this study, they were 

interpreted as regions that could contribute to the dynamic nature or functional flexibility of the cold-

adapted protein. 

 

Once the 3D model was generated, the PDB files containing the constructed 3D models of G. 

antarctica HP were submitted to the DALI server for template search (Holm, 2020). Selected templates 

were incorporated with the 3D model of interest for comparative analysis using UCSF Chimera 

(Pettersen et al., 2004). 

 

Protein-protein interactions were analyzed using the Protein Interactions Calculator (PIC) server 

(http://pic.mbu.iisc.ernet.in/), as described by Tina et al. (2007). Using the coordinate set of a protein or 

assembly, the PIC server calculates a range of interactions within the protein or complex. These include 

disulfide bonds, interactions between hydrophobic residues, ionic interactions, hydrogen bonds, 

aromatic–aromatic interactions, aromatic–sulfur interactions, and cation-π interactions. 
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RESULTS AND DISCUSSIONS 

 

GaHP2 Sequence Analysis 

 

The transcriptomic analysis of the G. antarctica genome revealed GaHP2, a 765 bp gene coding for a 

conserved hypothetical protein related to thermal stress response (Table 1). The gene exhibited a level 

of expression at low temperatures (below 37°C) greater than 1.5 (significant p-value 10-5). The 

temperature threshold is significant as cold-adapted organisms, like G. antarctica, thrive in 

environments significantly below mesophilic conditions. Increased gene expression at temperatures 

below 37°C suggests a potential role in cold adaptation and survival mechanisms (Teoh et al., 2021). 

The verified sequences of the genes coding for GaHP2 were converted into their amino acid sequences 

via Expasy Translate Tools. Functional annotation and physicochemical analysis of the protein were 

conducted using the amino acid sequences arranged in GenBank/GB format. Functional annotation 

employs peptide sequences, considering that protein amino acid sequences are more conserved than 

gene nucleotide sequences (Kapli et al., 2023). 

 

 

Table 1. Sequence analysis of G. antarctica transcriptomic data for conserved hypothetical proteins 

related to thermal stress response. 

 

Transcript Length (bp) Protein ID Description 

GaHP2 765 GaHP2 Predicted uncharacterized protein, conserved 

 

 

Physicochemical Analysis  

ExPASy's ProtParam tool revealed the molecular weight of GaHP2 at 29 kDa and isoelectric point 

(pI) values of 5.46, indicating that the protein is acidic and negatively charged. Proteins exhibit a 

wide range of physicochemical properties that significantly impact their activity, structure, and 

consequently, their biological function (Yuan et al., 2020). Understanding the function and 

composition of HPs can be enhanced by computing and predicting their physicochemical properties 

(Moldoveanu & David, 2022; Naqvi et al., 2015). Understanding the pI value is crucial in protein 

purification as it reveals the pH value at which solubility tends to be at its lowest.   

 

The protein pI represents the specific pH value at which the protein's movement comes to a 

halt in an electro-focusing device. This pH value also indicates the point at which the protein will 

be eluted (Novák & Havlíček, 2016). In addition, the molecular weight and pI parameters can be 

used to analyze two-dimensional electrophoresis gels, which helps in the experimental analysis of 

proteins (Molina-Mora et al., 2020; Sahab et al., 2005). Biologists have previously utilized the 

theoretical and experimental determination of the isoelectric point of peptides to assist in identifying 

peptides in complex mixtures (Kozlowski, 2021). With the help of the computed pI, protein 

purification protocols and crystal screening strategies can be developed.   

 

Functional Annotation 

 

After conducting a Protein BLAST search against the NCBI non-redundant (nr) database, it was 

found that GaHP2 has a similarity of less than 57% to the protein in the database (Table 2). 

Sequences were considered homologous only if they exhibited a 90% identity in a BLAST search 

against the NCBI non-redundant (nr) database (Altschul et al., 1997; Gazi et al., 2020). Based on 

the findings, it appears that the protein's characterization is still incomplete.  
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Table 2. The BLAST search results for GaHP2, a conserved hypothetical protein from G. antarctica, 

against the NCBI non-redundant (nr) database.  
 

Protein ID Sequence identity e value Description 

GaHP2 57% 7.00E-86 

ORY79343.1  

Protoglobin-domain-containing protein [Leucosporidium 

creatinivorum] 

 

InterProScan also provided limited information on known proteins for predicting 

homologous protein families and functional domains (Table 3). The GaHP2 protein appeared to be 

associated with biological processes related to oxygen and heme binding. However,  no specific 

functional domain could be predicted for this protein. It is evident that there is still much to learn 

about GaHP2, allowing for potential novel discoveries. Described as part of the Globin or 

protoglobin homologous superfamily, GaHP2 also exhibits two GO terms for biological processes: 

heme binding and oxygen binding. It appears that this protein plays a role in the transportation of 

oxygen, similar to how haemoglobin functions in humans. Previously, scientists found that G. 

antarctica PI12 displayed remarkable adaptability in low oxygen conditions. By utilizing nitrite as 

an alternative electron terminal acceptor, along with other common mechanisms, G. antarctica PI12 

was able to thrive in the cold environment (Wong et al., 2019). 

 

Table 3. Functional annotation of GaHP2, a conserved hypothetical protein from G. antarctica, using 

InterProScan tool.  

 
Protein 

ID 

Homologous 

Superfamily 
Domains Biological process 

Molecular 

function 

Cellular 

component 

GaHP2 
Globin/Proto 

(IPR012292) 

None 

predicted 

heme binding 

(GO:0020037)  

oxygen binding 

(GO:0019825) 

None 

predicted 

None 

predicted 

 

 

3D Model Development 

 

The 3D structures of the GaHP2 protein exhibit a prominent pattern of α-helices, along with a 

significant number of random loops in the region between the α-helices and β-sheet (Figure 1). 

Based on the abundance of looped regions, it can be inferred that the protein structure is remarkably 

conserved (Neelamathi et al., 2009). The presence of numerous looped regions suggests that, despite 

a low overall sequence identity (< 30%), the tertiary structure topology, especially the fold and 

loop-rich architecture, might be conserved. This indicates that structural motifs or functional 

topologies, rather than primary sequences, may be retained to ensure stability or function in cold-

adapted environments (Hamid et al., 2022; Michetti et al., 2017). 

 

 
Figure 1. The three-dimensional (3D) structure of the GaHP2 protein constructed using Phyre2 Server.  
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The templates used by Phyre2 server for the 3D structure construction were Protoglobin 

(c2veeC_) from Methanosarcina acetivorans with 15% sequence identity and 100% confidence 

score. Confidence score represents the probability (from 0 to 100) that the match between our 

sequence and its template is a true homology. The score of > 90% indicates protein adopts the 

overall fold shown and that the core of the protein is modelled at high accuracy (Kelley et al., 2015). 

The confidence score indicated that GaHP2 models fulfilled the structural validation score 

requirement despite a sequence identity of less than 30% similar to PDB structures. A high degree 

of confidence (> 90%) and a low degree of sequence identity (< 30%) suggest that the fold is likely 

right, accurate in the core (2 ‐ 4Å), but may exhibit significant variations in loops and noncore areas. 

Phyre2 combines PSI-BLAST and the Hidden Markov Model (HMM) database to provide an 

extremely strong protein structure prediction algorithm capable of reliably identifying very distant 

homology and creating accurate models even when sequence identity is less than 15% (Kelley et 

al., 2015). Additionally, structure refinement through ModRefiner can minimise template structure 

errors related to sequence identity below 25% (Adiyaman & McGuffin, 2019).  

Comparative structural modelling is reliable and can predict protein structures with atomic 

precision (Jumper et al., 2021). The 3D structure was also compared with the latest AlphaFold2 

(Abramson et al., 2024; Jumper et al., 2021) and RoseTTAfold (Baek et al., 2021) programs and 

results in less than 1.4 Å. The computational method for protein structure determination has 

advanced to the point that it can predict protein structures with atomic precision regularly, even in 

cases where no similar structure exists (Jumper et al., 2021). This provides a reliable and cost-

effective alternative to the months to years of laborious effort required to determine the structure of 

a single protein. 

 

Model Validation and Assessment 

 

The structural comparisons of the constructed 3D model with its homologs, as well as the 

corresponding Ramachandran plot statistics, were presented in Figure 2. The PROCHECK through 

Ramachandran plot analysis revealed that GaHP2 model had a good quality score, with no residues 

in disallowed regions being found. DALI server was able to retrieve compatible homologs for 

GaHP2 for comparative structure analysis. Using the UCSF Chimera programme, structural 

comparisons of GaHP2 3D models resulted in a 14% overlap. The summary of structural quality 

evaluation shown in Table 4 confirmed that GaHP2 model was acceptable, with an RMSD value of 

0.540 Å indicating very little variation from homologs. 

 

  

(a) (b) 

 

Figure 2. GaHP2 structural comparison with templates obtained from the DALI server: (a) 

Superimposition of GaHP2 predicted structure (turquoise) and hEED (PDB ID: 3jzh) (tan) 

with RMSD value 0.5 Å; and (b) Ramachandran plot provided by the PROCHECK program 

for the superimposed GaHP2 model with a comparison with 3jzh.  

 

 

 

 

Ga_HP2 

3jzh.A 
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Table 4. Summary of structural quality assessment results of the superimposed 3D Structure of GaHP2 

with templates retrieved from DALI server.  
 

3D 

Model 
% Sequence identity 

PROCHECK V.3.5 

(expected > 90% in 

favored region) 

Verify3D 

(expected   

> 80%) 

ANOLEA 

(expected     

< 35%) 

RMSD 

GaHP2 

 

14% 3jzh.B 

Protoglobin Methanosarcina 

acetivorans 

100.0% allowed 

0.0% disallowed 
91.62% 

36.84% 

Z-score: 4.43 
0.540 Å 

 

Additionally, the 3D model achieved an excellent Verify3D score of 91.62%. Verify3D 

evaluates protein structures using 3D profiles. This software determines if an atomic model (3D) is 

compatible with its amino acid sequence (1D) (Eisenberg et al., 1997). The 3D-1D scoring matrix 

is a 20 × 18 matrix that reflects the environmental compatibility of each residue. The higher the 

value, the better the entire model's compatibility (Matsuo et al., 1995). For ANOLEA's energy 

calculations, it is noted that the GaHP2 built 3D model scored 36.84% in the high energy zone 

(HEz) in the protein profile, slightly higher than the acceptable score of 35%. However, a closer 

observation revealed that a significant portion of the amino acids with a high energy content were 

in the non-superimposed loop (Figure 3). A previous study showed that ANOLEA energy 

assessment of a few loop regions was high with positive values even after undergoing loop 

refinement (Pan et al., 2021; Singh et al., 2012). This is corroborated by ANOLEA's low Z-score 

of 4.43 for the GaHP2 model. The Z-score is calculated using the pseudo energies of target protein 

sequences, with a lower Z-score indicating more reliability (Melo & Feytmans, 1998). This is 

verified by the fact that the HEz value of 36.95% obtained from the 3D model  of Arabidopsis 

thaliana HAC1 protein profile correlates with structural defects, while the lower Z-score of 3.51 

suggests a high-quality 3D model (Ćemanović et al., 2014).  

 

 

 

Figure 3. The amino acids in GaHP2's non-superimposed loop with high energy content are highlighted 

in red.  

 

Analysis of the intra-protein interaction of the constructed 3D G. antarctica model with its 

respective homologs is shown in Table 5. Generally, GaHP2 3D models possessed lower 

hydrophobic interactions compared to their homologs. This demonstrates their structural flexibility, 

which enables them to function at low temperatures (Hamid et al., 2022). Increased structural 

flexibility of specific residues, mainly in the active region, or the entire protein structure, enables 

adaptation of psychrophilic enzymes by lowering the activation energy required for metabolism 

(Fields, 2001). The findings are corroborated by a study of a cold-adapted protein, chitobiase from 

Arthrobacter sp. TAD20, in which increased structural flexibility resulted in increased activity at 

low temperatures, particularly those that significantly impede molecular motions (Hamid et al., 

2022). A previous study on cold-adapted β-d-Galactosidases from Arthrobacter sp. 32cB 

demonstrated that the environment's lack of free energy, caused by low temperature and high 
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viscosity of water, can be compensated for by a higher efficiency of energy gain due to their high 

structural flexibility (Rutkiewicz et al., 2019). 

 

Table 5. Comparative analysis of intra- and inter-protein interaction between GaHP2 and its homologs, 

protoglobin (PDB ID: 3zjh chain B) from the mesophilic Methanosarcina acetivorans, the 

globin domain of a globin-coupled sensor protein (PDB ID: 2w31 chain A) from Geobacter 

sulfurreducens, and the heme-based aerotactic transducer (HemAT) sensor domain (PDB ID: 

1or4 chain A) from Bacillus subtilis.  

 

Protein Interaction GaHP2 3zjh-B 2w31-A 1or4-A 

Hydrophobic Interaction within 5 Å 135 166 145 145 

Ionic Interactions within 6 Å 18 18 19 19 

Aromatic-Aromatic Interactions within 4.5 

and 7 Angstroms 
7 20 2 2 

 

In contrast, the higher aromatic-aromatic interaction in GaHP2 as compared to the two 

mesophilic homologs, the globin domain (2w31) from G. sulfurreducens and the HemAT sensor domain 

(1or4) from B. subtilis, indicated unusual rigidity for a psychrophilic protein. However, further 

inspection showed that the aromatic-aromatic interaction in GaHP2 was located at the heme-binding site 

(Figure 4a). This indicates that the aromatic-aromatic interaction may contribute to the high binding site 

efficiency. Some protein regions that are not involved in catalysis may become even more rigid than 

their mesophilic counterparts, as previously described in the comparison of psychrophilic and 

mesophilic DNA ligases' 3D models (Georlette et al., 2003). This correlates with the presence of a 

significant aromatic-aromatic interaction distant to the heme-binding site of the protoglobin (3zjh) 

homolog from the obligate anaerobic Archaea, Methanosarcina acetivorans, therefore contributing to 

the rigidity of the protein (Klinger et al., 2003; Mitra & Das Mohapatra, 2021). In contrast, the 

protoglobin (3zjh) homolog was also detected with additional aromatic-aromatic interaction away from 

the heme-binding site (Figure 4b), therefore contributing to their overall structural rigidity. This was 

correlated with a previous report indicating that the obligate anaerobic Archaea, M. acetivorans, may be 

thermophilic facultatively (Klinger et al., 2003). 

 

  
(a) (b) 

 

Figure 4. The aromatic-aromatic interaction takes place at heme binding sites in GaHP2 and its 

protoglobin (3zjh) homolog: (a) The aromatic residues are generally conserved except for 

some substitution of TRP185 in 3zjh homolog to PHE198 in GaHP2; and (b) Strong 

aromatic-aromatic interaction between PHE20 to TYR114, PHE195, and TYR187 in the 

protoglobin (3zjh) homolog from Methanosarcina acetivorans. 

 
This finding, in conjunction with a previous study comparing the cold-adapted citrate synthase 

from an Arthrobacter strain to the homologous enzyme from the hyperthermophile Pyrococcus furiosus, 

indicates that part of the cold-adapted enzyme's adaptation to low temperature may be due to increased 

accessibility of the active site (Gerike et al., 2001; Liu et al., 2023). Due to the high degree of 

 

Figure Error! No text of specified style in document..1: The aromatic-

aromatic interaction takes place at heme binding sites in 

GaHP2 and its protoglobin (3zjh) homolog. Except for some 

substitution of TRP185 in 3zjh homolog to PHE198 in GaHP2, 

the aromatic residues are generally conserved. 

 Ga_HP2 

3jzh.A 

 

 Ga_HP2 

 

3jzh.A 
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conservation and relative rigidity of the catalytic site across homologous enzymes, the GaHP2 binding 

efficiency is consistent with the capacity of the M. acetivorans protoglobin (3zjh) homolog to reshape 

its haem distal site structure. By changing the conformation of another aromatic residue, Trp60, the 

aromatic residues Phe93 operate as ligand sensors and control access to the haem through the tunnel 

system (Klinger et al., 2003). In addition, the decreased solubility of oxygen as temperatures rise 

requires the active sites to be more efficient at a higher temperature than their optimal growth 

temperature (Rafiq et al., 2019). Finally, the reversibility of some cold-adapted enzymes' thermal 

unfolding has been attributed to the fact that when they are unfolded, a smaller number of hydrophobic 

groups are exposed to the aqueous solvent, thereby preventing or limiting the irreversible aggregation 

process typical of more stable proteins (Nowak & Otzen, 2024). The structural insights derived from 

this study may be utilized to design enzymes with specific characteristics for biotechnological 

applications. Furthermore, expanding comparative studies to include a wider range of psychrophilic, 

mesophilic, and thermophilic organisms may uncover additional evolutionary adaptations that optimize 

thermostability or flexibility in proteins similar to GaHP2. 

 

 

CONCLUSION 

 

This work presents the identification and in silico analysis of GaHP2, a conserved hypothetical protein 

that was involved in the thermal stress response in G. antarctica. The evaluation of physicochemical 

properties aided in understanding the unique characteristics of the annotated proteins, while functional 

annotation highlighted the role of the proteins in the biological processes of heme binding and oxygen 

binding. Comparative structural analysis of GaHP2 indicated cold-adapted traits, most notably increased 

flexibility in comparison to their mesophilic or thermophilic counterparts. This mostly results from their 

reduced hydrophobic, ionic, and aromatic interactions. Furthermore, the HPs include multiple additional 

loops and glycine residues, which have been associated with enhanced flexibility for activities suited to 

low temperatures. However, the presence of aromatic clusters in GaHP2 has been linked to the 

psychrophilic protein's unusually high thermostability. Therefore, this protein was hypothesized to 

preserve an ideal balance between molecular stability and structural adaptability in order to optimize its 

functional roles in oxygen transportation under thermal stress conditions. Further research should focus 

on experimental validation via in vitro enzyme assays, site-directed mutagenesis, and protein 

crystallography to verify the specific function of GaHP2 in the adaptation mechanism of G. antarctica. 
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